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(54) QUANTUM-WELL SEMICONDUCTOR LASER 

(57) Abstract: 

PURPOSE: To stably oscillate a short-wavelength laser at 
a low threshold value by a method wherein a 
quantum-well structure provided with at least one 
quantum well in which a well layer has been sandwiched 
between barrier layers which are nearly lattice-matched 
to the well layer and whose band gap is larger than that 
of an active layer is used as the active layer. 

CONSTITUTION: The title laser is provided with a 
quantum-well structure 10 provided with at least one 
quantum well in which a well layer 11 composed of a 
Ga i-a-b ,n a Al b N (where 0<a<1 and 0sbg0.5) 
semiconductor is sandwiched between barrier layers 12 
which are nearly lattice-matched to the well layer, 
whose band gap is larger than that of the well layer 1 1 
and which are composed of a Ga-^ylnxAlyN (where 
0sx^1 and 0^y^1) semiconductor. In. addition, a 
sandwich structure is formed in such a way that the 
quantum-well structure is sandwiched between two clad 
layers 3, 5 which are nearly lattice-matched to the 
buffer layers 12, whose band gap is larger than that of 
the barrier layers 12, whose conductivity type is 
different from each other and which are composed of a 
Gai-p-qlripAl q N (where 0^p^1 and 0<q<1) 



semiconductor. Thereby, the title laser can be used in a 
short-wavelength region from an ultraviolet region up to 
green color. 
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im&L] Ga,-..„ In. AU N¥8Mtafc5ft*# 

f» 1 1 a*. #f« 1 1 £i2im?m&-rz>iimzftw 

Ml UH/Oh'^ty^t^Ga,.,., I n, 

ai, N*we.a«/tij7f i 2Tj*snfcif# 
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[MjfcJSl] Ga,.,., In. Al, N (O^a^ 

l, o^b^o. 5) ^mm^tzzxprnz^nzti 

h'^f^^^Ga,.,., In, Al, N (O^x 

si. o^y^i) ¥m&fr<btzz>/m7m-et*/ofzm 
n^nmzn ? ? 7 m t & «t&^s^-r -5 £& izmn u 

SWGa,.,., In, Al, N (O^p^l, O^q 10 
£ 1) *mWfrt>l2.Z>--D<D>7 7y KJlTH9fHS-?#F 

-T U— if . 
[W:fc]g2] lf3^]Rl fciiHT, Ga,.,., In. A 
1. N (OSrail, O^n^l) ¥i*#K:TH#an* 

«fctfn©'>&< tt>-**sefls3-a-T*KWKlij«G a 
In, Al, N (O^x^l, O^y^l) ¥m 

-r**F#Fffi¥W#:U'-1f. 20 

[SI#Jg3] 1**511 (C43V>T. ijfl/jjcG a,. In 
e Al, N (O^c^l, O^d^l) iMGa 

In, Al, N (O^x^l, O^y^l) £fr 
6 fc* ¥*#*«3£5 ICS® $ nfcffiBtt^Wifi SfL, 

[0 0 0 1] 

£i#T**«^#Fffl¥*#U— -If 30 

CO 0 0 2] 

(LD) Bl^r^^nt^t). Jt£na-»K*V»T«WI 

i^—tf-c* o . as**~wfi 

[0003] m?L\-mrr<i x?mv>yt&\zm^*>ftz>G 
a a i as¥&#u— *fizz\v>&-zm%]]z.nmv, 

<b$nTV^. GaAs^WGaAlAs 40 

!fO«JR«[fi»d:7 8 0 nm*«+»6T*0, 3. 
C0«T«7 0 0 nmJKTO»JB«*OU— !fO*iSHH 

[0 0 0 4] 

T«» ZnSe, ZnS, GaN^Oy'f hVOH^t 50 



[0 0 0 5] &&5¥«ttl'-l7ffi®¥«ttMK 

fc^^ xefttticfinxv^ i i A^sxabs^ 

[0 0 0 6] iu5X, aflS^fU^AJRWftS^Vifca 
j£S¥ag#U— tf tUXtt, Al,., Ga, g N/Ga 
N/Al,., Ga,., N«jSJ*^UTS^U— tf»r«t-5 
ffiiBC J: D»»ttffltf«H3n/t£v» 3 ($ 
3 9 0j£/l!#>3^2 8 p-ZP - 1 1) . U*>U IS 
StScfcb £ jg £ $ -tt -5 # A/1 7 - © L # Wjf ^ £ 

jo oo 7] a-fc, s^ift^fflst&sassoa^ 

left*®***^— !f4:R|*T**. 

[0 0 0 8] *»Btt£ ©J; 3 
life £ V> -5 Mj&Sfg^diJ ViTffi^X?^ •S.^^ft: l^— if 
£S&T -5 C £ £ B 65 £ T * . 

[0 0 0 9] 

Wfc«**f#Ffflim»#U— tf«. Ga,.,., In. 
AU N (O^a^l, O^b^O. 5) ^^5^: 

«#FiJ: 0 fc/X> y ^*»*t4G a, I n 
. Al, N (O^x^l, O^y^l) 

^IHCitffl^HftSGa,.,., In, Al, N 
(O^p^l, O^q^l) *mm**>fcZ-^><Di7 7 

[0 0 10] Sfe. mW&mz^X, Ga,.,., In 
b Al, N (0^1, O^n^l) **flEfcTMB^ 

Ga,.,., In, Al, N (O^x^l, O^y^l) 

[0 0 11] $S>K, f»IE*J«fc*V»T, S^Ga 
i-«- 4 In. Al, N (O^c^l, O^d^l) 
fi£Ga,..., In. Al, N (O^x^l, 0^y^ 

i) £frz>tiz>¥mm<&K\zmm2nftmm&T&& 



( 3 ) 



- 1 6 4 0 5 5 



J& $ ft T V > -5 i: ? I : L T £ . 

[0012] j^t. **i»*»ia»ciftwr*. 

[0 0 13] *%i90tf#FI*ift]/- tf»C*5V»T 
tt. itoWt-tZU— !ffSSifcfit::.fcoT#FJ§©Saj&£ 
^SCi^tS. f-ftte-fe, Ga,.,., I n. A 1 
» N (O^a^l, O^b^O. 5) ¥3Uta&>&fc.5# 
FiC*V»T a * itf b O^S< t fe-^OlSiSK 

t, InN©2. 0 5eV*5AlNC96. 20eV£ 10 

ttJl©¥i^©A>K*+ 2. 3eV 

¥&#b— V5tm&L&\*5 4 0 nm <M) *^2 5 0 n 
m GKfl.) Sgifc*. 20 
[0 0 14] ^IB©^^— +f©#FS©J¥£te. 
1 0-3 0 0^->^7. HP — A©<eH»C**ii*»»S 
LV>„ 1 0*>?X hD-A*gfTtt, ^#FSrt{c 

^<ft-3tl,JK 3 0 0*>^hP-A$i^. 

^V^S>T*So LfcibT, #F/l©J¥$(4l 0~3 
0 0*>tfXa—2±<DlftW\Z$>Z>Z£i)W3zV<, &\Z 
3 0~2 0 Q-tytfX hn— AO«HlC**©**»*U 30 
*&, #FJgtenS, iffl*-5VW4pffl©£"&S© 

[0015] *&m<o*m#y— tffc^-cte. #f® . 

BSfSsai/hSUGa,-,., In, Al, N (O^x^ 
1. O^y^l) ^iW^^-^OAUJST^F 

^&ft^Sfc5#FS43«fctf/1U7«T!'a j ?#F£^j£ 
U 7*#F»KHi;ii«>*fc»oyt> ^T'H 40 

[0 0 16] ^^SWIjfiOft^aE^CHbTSAtf, * 
*W©*«Trtt«*fictt©»^£»«A 1 N©4. 9 
8 0t>^l>D-AiJ^InN©5. 7 0 3*>^ 
hn-AStttStS^.t^Ttl,. AlGaN, G 
a I nN^A 1 I n N©i 5 &H7C^jgJlTS4. 

#F/fTj5ra©A*> K^-y^Offi$tsCtd<TtS 
L^U Ga I nAl NOJ;5&E7nSga$f l> 
-Sxt. H^jg||©^T«T#&;6^;t#F/I.fcA*y 7 50 



[0 0 17] Ufc^oT, 9»fe«jsfe 
fli©»J«*ftJE-r*. flT, £ftKJ:?>#F*£»r« 

©A*>K^r^y**-rssa^fcd^©T. -t-oBf^ 
[ooi8] net, #wm£/vj7m£<Dtott3cm 

tt/hS ttfttf /hS V»B £ «k < . -?-©&ffi»a# i b < tt 1 
X«T. 3 5K#3;b<«0. 5 XeTF.fr* ©j&U: 
V». * ; 3 t «******<tt«i. #FHICx-<^d^- 
->3>^©*Sft^Rg*t^L^<}5:0, U— if©f£## 
«KfcS©T?»Sb<fcVi. SSIC. aAT3*t'J7 

*»*i<#FJi*»cai;ii«>sfc4e>ica, #fs©a* 

> ^tv^'JJSo/O F^fy^tl 0. 3 e 

VJ^±/h£<-r3©;S,i«Fi;L Vi<> /SU7JS©JK/¥ 

^©JP$ t LT« 1 0-5 0 0 h D-A. #S 

L<fi30~30 0*>^m-Af*nBJ:M. 
[0 0 19] *»Wfc*«r»T«» #F®*Ji;^/N'U7® 

»tt-OTt>**T?*r>T'bJ:<. *fc»T#F»*« 

[0 0 2 0] JICIT, ST#F*8ig^ 6, & 
A/W->K-f yyitttfjWiGa,.,., In, Al 
, N (0^p:£l, O^q^l) fW5a5^5y 

<. -t-©*ffltt»3:b<tti xerF, ae»»c»^L<« 

*NS*«56*b-^"r<ftO. b— <fc«© 
T#*b<fcir». ISttHrtfc*€3»*i:<H!i;c. 
tbZfztblZ, Z^y KJI©J¥£te0. 5-5 ym, Si 
b<tel ~3 Mm£>ftt£J;H. itlOMttGa 
■ -P-, In, Al, N (OSp^l, O^q^l) 

wtnmuw* &&v**v7mm.mm*fto±o\z-r 

*. PSH-e>yo^tt4tlCD«tLTttMg. Ca, 
Sr. Zn, Be, Cd, Hg, L nlh* 
-tf>^©^M^)©fi»ltL.T«S i , Ge, C, Sn, 
Se, T e!Fj&<$.<5, 0 dfti=>© K— /t> h©a^*3J;a: 
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> h OSttft* £ ± -5 1 V» 5 C t Tff * L V >fc © 1 7k 

©£&&. 

[0 0 2 1] *^#F«jfi*5fc.&gttJl£*7v KB 

mic ^ro-kizfistemzf^v \ t m-cn^Aj^> K-r > 

[0 0 2 2] *»WK*t»Ttt. »«±KiStt 

&£W:my7 7«^iSEffltt©g{b^¥i9#S£jg 
fiELfc±iC, Ga,...„ In. A 1 . N (O^m^l, 
O^n^l) j^S&O^oJftittWj&lajsK^Ga,.,., I 
n, Al, N (O^x^l, O^y^l) £ fc -5 «fc 3 fc 20 

jfSLV^. C®£j£ti(£M*jfitt. KGa,..., In. A 
1. N (O^m^l, O^n^l) ©Ssa^^Sffifi}*^ 
HBifcm:fe«fctf n©4>fc< £ fe— ;£©fii£:^-fb£-ttTTgB 

T^{fc£ii-fcfc©T£-5„ ei©J:5tcffij*s^ffc:LTVi 

<Z\£\Z£->T. #fSS«ftUTV^*i, teTJgR 

*3> iffe6©«*H(lifi*ffiv»*A»tt, ^ft/Sic 
^©«k -5 fcJfctfj-fe/hS < T€?-5dMZ«ko T9t» 

ISOGa,.,., In, Al, NH*J«;fcfij**Sefls3 

In, Al, NaoftrttJBflsa-tt-fc^ljSfcbT 

[0 0 2 3] **WOJ:'3«Cft**««|jSt-r*Cltfc 40 

s -a- -5 bfca^T, ¥*<*u— if© 

T«5 0~2 0 0 0 0^->^X ho — AT<65iI iztfilff- 
itK 5 0^->^X HD-AiO/hSV^CliM 



»Mfi£sc^fra?5<*^o-r^'-5#©pgjg*<fe-rs©^ 

[0 0 2 4] $^tc, #|&9§fcisv>-Ctt. SS-kdSg 

fi£bfc±lr, i&js&G a,.,., In, Al, N (0^c ^ 
1. O^d^l) tljjGa,.,., In, Al, N (0. 
^x^l, O^y^l) frtt**m&1fi3EB.lzMMZ 

ilt^'MGa,.,., In, Al, N (O^c^l, 
O^dSl) tfflSGa,.,., In, Al, N (O^x 

£i. o^y^i) &»ea:««-¥«flcwR«>jPda, 

1 Oj^S 3 0 0^->y^ hn — A©$gHT&5 

£b<. ^-n-?n©n©»$«iwii;T?7 l t t<T : fej: 
3 o o*>yx hu-Azmx-tcm-sizit. 

[0 0 2 5] *^B^IC^UT«. SSibTIJ- 

7., iSJ^rf &#57.3?©;*f77s^\ G a A s , I nA 
s, InPOi^ftl I I-V*ft;*«i|si#, ZnS 
e©±?fc I I -V I Iftfls^ttiMlflE. Si^GetDJ; 

SiC, A l N, ZnO, MgO, -tf 
(A 1 1 Oj ) , ( S i Oi ) , T i O 

j , ZrO, , S r T i O, , LaAlO, , C a F, 

[0026] c©«tnr, i»ifibfcj:5ttJMs«assfc* 

V>T, &ti^\ZW.&Mf&-rz>3l{k%>Jlk¥m&<?>'J>f3i<i: 
fc— ^©ft^fcRoaEJMgFrtt, *&S£S«©fM=-5£gfc© 

&&S«&5W;Mi|§ffia«©±fc]jM§fl*5V>ttii5E 

[0 0 2 7] *»WIC*V»T. S^FfcigfrS.ftSg 
— ^©«g«— ^{M©^^'^ KBJCil^lc 



( 5 

7 

ftHHR^Wflc* JB V»tltt J: V». Z. ©* -v y zfM <vmmi* 
4#lc^$n&v>#fi?g-«0. 2~l Oitm©tefflT?a& 

tt*IS&©tfcfel$/h£;£A 1 , In, Sn, Al-In 
Al-Sn^, In-Sn^, A 1 - I n- 
Sn^f^V^^tm, pS©£<b«5^¥3S# 
H»t«ft*MScO^:#^:Au. Pt, Pd, R h^'n 

KNi, W, Au, Ag, Pt^ro^S^SIUTli 

©WJRtt. »#>5^ >ytt©ftJb^7^ir-/K>^ 
> ^tt *iai± $ -a- -a £ 1 1> t£ -s. 

[0 0 2 8] tf £UT3fc©»iSffUI!**M*-r 

Ratfed, mmti<Du- j >?&&2>ftit>iz, — ^©ss® 

oTff5Cid*Tr#. *fi(st-a:bT«, a-Si, SiO 
i , Si, N, , Ali 0> , T i O, , T a, O, , 

znoms. ffcta*. k»*©s&*2«s©# 

[0 0 2 9] *58W©*T#Fffl¥**l'--1f©*i6© 
«£LTtt. BlCsSf J:5fc*— *P#F*J6. 13 2 

3 teTSB^-;/ KJi (nIGa,.,., In, Al, N; 
0£p^l, OsSq^l) , 4(4m-fiT#F^it, 5 
e±S8?77Hi (pSGa,.,., In, Al, N; 0 
^P^l, O^q^l), 6«/1y->^— ->3 >J§, 40 

7, 8B«g. 9 \tm&fa&&{£®)m*m&m, io« 

[0 0 3 0] *»WK^V»Ttt«gJKKJBi;T. U 

[0 0 3 1] ifctc, *fg^©fi^#FS¥35<*U— tf© 
©T«£V:>. 

[0 0 3 2] ^fgBJlc&^Ttt. ZHttoK^-mftftZU 
SaiijfiCffS^il/Ttt, CVD (Chemic 50 
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al Vapor Deposit ion) MOC 
VD (Metalorganic Chemical 
Vapor Deposition)?*, #7. V— 7.M 
BE (Molecular Beam Epitax 
y) S*€fflV»5!:i:4JTf*5. ft^Tfetift^i* 
«V»r, *ll«S + Tr»||tJ****BIflitt^y-XMBE 

[0 0 3 3] £TF. ^V-XMBEfelCiS^T, 

©HfrV-^tSSfffl-TSCiJCkO, SSil'BFfa© 
GalnAl N^**^/k5«l«fiS^I!t^ 

[0 0 3 4] ^ilT, SI*Mt.5^^ftib 

>*"\ >; L.T«gffl-r * n t fe 

S&ffiKfcHTGa, In, AlfOI I I ^7C^©#t 

3<fc*£, £J*T*»«#S 

ST* -5. L7t*ioT, t*S^lrt5^x« 
flS^*©iftl&S«H#V-XJ:0 1 OfSffiU:, »SL< 
ttlOOffiU, SSIC»*L<ttl 0 0 OGtSLhtZT 
•5©#<fcV>. g^<£:^-r^^fX^t:-g-^©«^j£t 

«$&©B3^ • f£jyt£fr5d££T£-5,£5l;:Lfcfc©T 
^y + ^tfX-fcJI^&ffl-r-Sitte, 

^©SHSTK^TT^^TtfT;, 
ftSS*. th'7y>, S'.^l'k K9S>>*«iD*kU 
x6^«fc<ffitt{t;ii-La6-g) ! b©-c , $>oT, tt&tLTT'Jl' 

-r^dt*W^b^fe©i:7i^ 0 ^7y*>y©ig&te 
M^©aiS J ^7> ; En7^X, =7y{t£.m, hh'5y 
>, 5>*^;H= h*7v ! >l?©^a^lCJ;-DT^x.-5Cl 

t^STabs*?, i o o~6 o ot:©^sics;^-r-5 
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9 

scigy&f -5 z\ t ajfjg-e& v . gist, 7>=t-7f5 
v> «ii m & a ;p * te t -r -s. c ^ 

(0 0 3 5] Ga,..., In. A 1 „ N (O^m^l, 10 

o^n^i) ¥mm^uz>®.&M&m&&ft§&-tz>j} 
i n^A i <Dm&m£mmmz&z.zjfm. Gaiin 

5Ga,..., In. Al. N¥g#i$jK£, Ga, In 
[0 0 3 6] ^V-XMB EfelC«t DGa InAIN 

##^ig^s-r§5x.T» i i imTtmt&mz'S 
i imTtmt.^.m^^-t^^xmt^mt.^mzm 

It. RHEED (Refractive High E 
nergy Electron Diffractio 
n ; fcMM&mn^mtiT) rtf-y&m&LXX hV — 30 

[0 0 3 7] £TF, -MitTJ^J^XSffilifc 
#XV-*MBEfel;:,tDf£§SL£:Ga I nA 1 N^f 

[0 0 3 8] gittTll K^Mrtlc. *56ffl;i.s/ 
Joa*;i^*.fcr^M?*«#$rS. rhhed#> 

*il):RHEEDXi'U->$ix.^y-^MBE 40 
[0 0 3 9] mfZmJl>y#\Z\tGa, In, A 1 CD I I 
O'Vcm' • s e cfcfc**«»;:;(n]J!ftLfc. SS*** 

m\>\ 7>*=.7#x-*=.yyK&m&&m.wnzm.mvk 

O'^lO'Vcm' • s e c £3K0tt6L;fc. 

te©^ffl;U^jHt«Mg, Ca, Zn, Be, 
Cd, Sr, Hg, L ifOpSK-A>h-?»S i, G 50 
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e, Sn, C, Se, T e|(Onl K-A> h£An, 
ff ^ Oft^&S IC fc -5 J; 5 lc i&gfc «t tftfc*Sf$ ffi £ $iJit 

-T7RB^ffifflL, 2 0 0~9 0 O'ClrJOf^bfc. 

[0040] sr, as«£*a?s«rtT9 o o*CTft]*t 

BfJtOJ&ftfiflElcKJfcU I I II££Jg£An 
fc3K«ffl;^5l?©iftft*]5fJ&©ia«lC»SUTO. 1 ~ 
3 0-tytf7s hD — A/s e c <D^c.&MS.X 1 0~5 0 

0 0^>^ r-n-A©/l^.cDii;g20]ttcOG a I n A 1 
N»^*f^S-r^„ 3sSV>T, MitiSBftttcDGa I n A 1 
NasjK±JCJKJPO. 5~5umfflni!fMIGaInA 

1 NBmftZfc&Tmtrjy KJI£. 8SV>TJ&J¥0. 0 
5~3/tm©Tffl*5y HHtttTS^TSJMiFftG a 
InAlNSfflSIS, 2£10&JPO. 5~5ymcOp 
itfelGa I nA 1 NONR** 5fc-5±8B* 7 y KB* 

[0 0 4 1] ^v^t. »««SMtK««lDX^'n-fex* 
C £ K J: 0, «fO«fttS»6*ti:t)l:tE 

tl/TIS, <t>$ij>^, ECRl7f>y, SJ&ft 

-r-SfcJ^om^iibTttA 1 . IN, Al-Sn^, 
I n - Sn^t A 1 - I n<£&, A 1 - I n-Sno 

^XKv2mmz&r>ftmrz>z.iitf-zzz>. 
[0 0 4 2] dOJ:a3ft*atR:j:ij»6ti*:^x^*^ 

[0 0 4 3] 

errs. 

[0 0 4 4] (HJfi^l) 7>*-7tfX&m\*1t%X 
V-7.MBEfetC.t0, iJ-7 7-f7*«±«C*ElSlttG 
a I n A 1 N/G a I n A 1 N/STF#F«ig/G a I 
nA 1 Nmj&fr£>f3.Z>¥-m#U—*f$:ftMLrzM\Z~D^ 

[0045] 111 mm<DM3&M)i'ytftz\t, tti^n 

Ga^SiAniOOO'CI;, I n&JS*Afl9 0 0"C 
K. A l^MSrAtll 1 0 0 T:\Zfiumistz. TJ'XCD^A 

^tMML. 4 0 0"ClrjnJ»LT. ^7.*tt«(cS 
SlCD^^#(-t-g> < t5lCLT5 c c/m i nCOji*-e»S& 
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il 

Ufc. SSl tLTIS2 Ommft0^$S©+i-7 

0 r rt$^ft, 

[0 0 4 6] iT, Sfil&9 0 0tT3 0»r« 

£>, Ga, I n*5«fctfA 1 <Di/*y$$:M\L 1. 2 * 
>;7\X h n-A/ sec ©JsaKiSSTJKJl 5 0 0 0 
^ hn— Aco^garnHSG a 0 . i. Ino.uAU.nNl 10 
2£jgj£U 8l!HT^©±tC)8J» 1 0 0 0 0 t >i^X h 
D-A©ni*iftGa,.„ IN,.„A1 W&fcfr 
&&*T«*5s/ HJ13$:^fiE-r-5. «V»T. JKJ¥ 1 0 
0^->^7. hD-ACDG a,.«, I n 0 . N&j&^Sfr-g, 
#Fdl 1 £KJ¥8 Ot>^hD-ACGa,.„ I n 
o. io A 1 o. 1 1 NS^^^SA'J TJ1 1 2fribfcZ> 1 0 

mm<Dgrmm?#wffij& 1 o (H3#j!B) j&»5fc*jgtt 

M^BiS.-?*. $£>tC, Gal%M7#Sl 000 
*C, I nlHffl;^3S*9 0 OtiU A 1 I^ffl;W> 
-SSllOO'Cib, Z nJ08«W*6 2 1 Otib 20 
TZnSH-K^jSJWl 0 0 0 Ot>^hD- 
ACpI^IGa,. ,, I n 0 .,« A 1,.,, NMfiSt^Sfc 
•5±SB^7-v h'I5Sf)SLTGa I nA 1 N/lf# 
Wm&/G a I n A 1 NflHS^fWrs. 
[0 0 4 7] #v>t?, StffljDiyn-lrxSjg^-r-S^i: 

frv. VVif : ?7j--fu±X}il,-C\tm'%<D7* bis 

V* hWn&m^Z7'n-teZ\z&r) ft? z\ x 

/t^ — >©Jgfi££fTo£:. iggHT. S5KI6HSG a,. ,, I 
n 0 . ,o A 1 o. ii Nf 2 -hlCteA 1 fribfc-5fli.fi 7 £\ p 
S*SiG a,.,, I n.. , 0 A 1 ,. ,, N1B.l8.ft ±35 
^77 HB5it«*B5 (tmfflAui^aSia^ h5-f 
y 8 v ->^- -> 3 ym 6 LTjt(£M«*£ fc J; o 
TffiJj£U ^#11 W y h LTH 2 CStii little 

[0 0 4 8] HOP— tPOfi^FfciSKlgSfiU— tHC 
£3ft®@&3V>«fltSitaAK«fc5®e£fT? ^ilCJ; 
0. ^^faSlr43V^T<£L€rV^T4 7 0 nmOI/ 40 

[0049] mmm2) Ty^-THx&m^tzrtx 

y-XMBEfeiaO, -9-7r<7*S±lCGa I nA 

1 Nfif£i^iaS/G a I n A 1 N/MT#F*Sig/ 
Ga I nA 1 Njflififr 5fc3#gflsU— if £f£$JLfc0« 

[0050] ii i^o^«;u^jHic«, -t-fupft 

GaiMAni 0 2 0 ! Cl;, lniI$An7 3 0t 
IC A 1 ^SAtll 0 4 O'CdiJOgiLfc. tfxomx 
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^•feJPSttfflU. 4 0 0 t ClC»O^LT. 
ffilr<J»C€r#ft«)«fc5lCbT5 c c/m i nOSgTiiS 
Lfe. Sfc. SSI iltli2 Omm&CD±g ■£<?)•*)■ 7 

«NC43V»T 1 X 1 0"' To r rT&ofc. 
[0 0 5 1 ] £"f. M149 0 0 *CT 3 0 »fflM® 

GaOyf^OMiimi OTOftftfL. 

*Mfl^*;/#©»ft£— *a«-r±tf fcj&ts 1 . 2 

^J* hD-A/s e c ©figlgjiaE'r^i? 5 0 0 0*>tf 
X hD-AWGaNA^Ga,. ,, In,.„Al,.„Ni 

iii*tti::ttj*a«sefl;-rs £ a &»i£«£M8ggs 2 

-f£>. -5-©±lcK)P 1 0 0 0 0t>^X hO-AOnf 
*^lGa,. 1 1 I n,.,, AL D .„ NmtiLfrZfc&T&Z 
7y KJI3. MV>T, JIJP1 0 0*>tf* h D — A©G 
a,. 4 , I n 0 . N 3 #FJ! 1 1 tmi¥8 0 :* 
>ifX hn-AOG a,. I n,. so A 1 o. , , NlsE*?, 

s^'Jtii 2t&^ts:-5 i omm^^mm^rmm. 

10 (H3#J») £WT-5„5ttJi£jg;£-r5. Z n £ b* 
-tf>^Lfc®|J?l 0 0 0 0*>^* ho-AWpM^ 
MUG a,. ,, I iii.nA 1 ,. j, Nif&J5£^<=,7it-5±S5^5 
y KB 5 £Jgj5£LTG a I nA 1 N/S^#F*liS/G 
a I nA 1 N^;P<\-T-D*jS£ffcH-r-6. 

[0 0 5 2] ^^t. auoioir/ntx&j^rrsci 

fto. "J 1 >'i'57-f-7 , Dt7tl/TttI*<!)7* 

ft. m^x. &tim&mj&m 2 ic«a 1 ^esssg 

7, pf#eSG a,. ,, I n 0 . ,t A 1 ,. j 7 NtC«ig5 y 
m©AuilXh7^y8 £rW->^— -> 3 >Jf 6 

4 IC^-T i 5 &S^#F U— if £tfUK bfc. 
[0 0 5 3] ifOM^Ffcifi iflc 

J: 5 Tt®)®* -5 v > ««c5tffi A \z «k * a® * ff ^ d i ic J; 
0, «Efl£S^jaSIC*V»T®b^UttT4 7 0 nm<DU 

[0 0 5 4] 3 ) T^XTtf^fcMV^ctfX 

V-XMBEStiD, ^7r-f7ifi±l:Ga I nA 
1 Nffi@te^Mfcj6J!/G a I n A 1 N/S^#F«ifi/ 
Ga I nA 1 N^^^D^ig^ S^S^SI^^— if 

[0 0 5 5] II ^-n^n 

Ga^SSAtll 0 3 Orir. I n£Jg£Att9 3 0t 

a i is^Ani o 3 onciD^Lfe. ftxomx 
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U 4 o o'Ctciraf&L.T. 

««tq»C##»*i5lCUT5 c c/m i nffllSTM 
Life. £« 1 tbTB2 Omm*S ©*#£©+)- 7 

XlO-'Tor r T$.t3fc„ 

[0 0 5 6] *T. 0 O^TS O^MJOjjft 

U ^ViT6 5 0-CO?aStC««fLfiS;M*fT5. /Sflgtt 

7 y^—TiST* £^ 5 y * >y#*"ii;pj&> 

£>. Ga, I niJiUtA 1 ©5^ y ^fcW tt-5B#R8£ia 10 
f&iC^fci*T$WLfc>&i5, 1. 2t>^7hn-V 
sec ©Eg^jSST-^n-^n^JP 80t> ^7. h D — A 
©Ga,.„ In,.„A 1 , . , , N®*3 «fctf|gJ¥ 8 0^->if 
XhD-A©Ga,.,, I n 0 .orA 1 ,. NJlfcXSKSf 
«Lfc#li6*3 0JM8lJg/$U SSte^flljgJil 3Sf 
JjfcT*. C©±lr, Ga, IntWAlOyf^f 

wm, j?$ iooo o^->yx hn-Aoni^a 

Ga,.i, Iiii.iiAli.p NUtfLfrZUZTfli? 9y K 
13, *^T. flgJSl 0 0t>yxhu-AOGaNS 

1 1 tmm8 0^>ifX hD-A©G 20 
a.. I n,. 06 A 1 o. .0 NH^i^ftM'JTI 12^ 
^^5 10SIO^lIf#FiiSl0 (0 3#ra) £ 

1 0 2 0<C. InIfM^S7 3 0t, AIM 
0 4 Ot, ZnfflW#*2 10'Ctb 
TZnSH-K>^Ult|til 0 0 0 0t>^XhD- 
A©pS!*l6»Ga.. „ I n..„ A 1,.„NS»^ 
•SJigB^^^ b*JI5 *MLTG a I nA 1 N/If# 
F$tifi/Ga I nA 1 NfcJfiStfsStt-r*. 

[0057] ^cvi-c. nmmjizfu-tx&mm-r&zt 30 

43J:tfiJg&jl©?&j££?TV>, — >©^fi£SfTt> 

fc. j*v>t, mm&Tmm.m 1 3 ciia 1 a* 

7, pI^AG a,. , s I n 0 . or A 1 0. 1 t NSto^S 
•5J:SBi7 7y KJg5 lc«ifs 5 urn© A u*M7. I»7-f^ 

8 */X-y->^--> 3 >m 6 S^UTS$i«fti:i^T 
Mb. 'vfgiLAyMTESI^ti^ftl^F 40 

[0 0 5 8] uOl/- •f©*F#F*MCajm'~ tflC 
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[0 0 5 9] 

[»WOja*] *J8iOI/-!f«. Ga,...,, In. A 
1. N (OSaSl, O^bSO. 5) *S»flc*»5fe-6 

#f»*, m#Fmtmm?m'£i,fr-omtsvkmj:o 

%K>\ t **y7ii<±£i3.Ga,.,., In, Al, N 
(O^x^l, O^y^l) *i»^S5A''J7lT 

i>— !f*«iiract«*-c**. sfc. gffis©ifaj*£ 

•5. 

[0 2] *5«?ao¥^U— tf©— WibTO^ia^ 

#F y* ©ws#iis** u&«iciaT**. 

[^3] *am<D¥m&i'—*f<D&mm¥#J !t mm<D— 
m © »f ® m m. £ * l tc ®5t a t * -a . 

[04] *fmv> i ¥-m&i'—*f<D—mii\sT<r>&mm.=?- 

#F^-if©8ff®«ifi&^L-7£^0T*-5. 

[0 5] *%HO¥qM*u— tf©-^tLT©#-Sa?- 

[flMf©S&i5!] 
1 

3 T*f5';FI(naGa,.,., In, Al, N 
(0£p£l, O^Q^l) ) 

4 m-MT#F«ig 

5 ±«£5s»KJl (pSGa,.,., In, Al, N 
(0^p^ 1, OSSq^l) ) 

6 /ty ->3 >JI 
7 

8 

i o g>mm^#wmm. 

11 #F/I (Ga,.,., In. Al b N (0^a^ 
1. OSb^O. 5) 

12 rt*)7m (Ga,.,., In. Al, N (0^x^ 
1. O^y^l) 

i 3 mm&^m&m 



